**Core tip:** This is the first article reviewing epidemiology of viral hepatitis in Somalia with systematic review and meta-analysis of the published and unpublished reports from 1977 to 2016 among prevalence of all types' viral hepatitis in Somalia.

INTRODUCTION
============

Viral hepatitis is a major public health problem affecting several hundred million people globally. The most common types of viral hepatitis are six distinct types that have been identified as hepatitis A, B, C, D, E, G viruses, and they may present in acute form or chronic form, which causes substantial morbidity and mortality, including chronic hepatitis, cirrhosis and hepatocellular carcinoma. The World Health Organization (WHO) estimates that 257 million people worldwide are infected with hepatitis B virus (HBV), which constitutes 3.5% of the population. Africa has the second-largest number of chronic HBV carriers after the Western Pacific regions. Both regions are considered of high endemicity, and the prevalence rate of each region was 6.1% and 6.2%, respectively. It is estimated that approximately 71 million people were living with hepatitis C virus (HCV) infection, which accounts for 1% of the world's population, in 2015. The regions with the highest prevalence of HCV were the eastern Mediterranean region (2.3%) and the European region (1.5%), while the prevalence in Africa was 1.0%. Hepatitis D virus (HDV) affects nearly 15 million people, and hepatitis E virus (HEV) annually infects 20 million people, with over 3.3 million symptomatic cases of hepatitis E and 44600 hepatitis E-related deaths being recorded\[[@B1]\] Hepatitis E is one of the leading causes of major outbreaks of acute viral hepatitis worldwide, especially in developing nations\[[@B2]\]. Hepatitis A virus (HAV) infection spans the entire world, with specifically high prevalence rates in older children and adults\[[@B3]\].The number of deaths from viral hepatitis has increased from 1.10 million deaths in 2000 to 1.34 million deaths in 2015 compared to deaths from tuberculosis (from 1.67 to 1.37 million deaths), malaria (from 0.86 to 0.44 million deaths) and human Immunodeficiency virus (from 1.46 to 1.06 million deaths) between 2000 and 2015. Approximately 96% of these deaths resulted from complications of chronic HBV (66%) and HCV (30%), although hepatitis E and HAV infections accounted for 3.3% and 0.8% of these deaths, respectively\[[@B1]\]. HBV (887000 deaths) accounts for more deaths than HCV infection (399000 deaths), while complications of both viruses (HBV and HCV) and cirrhosis (720000 deaths) account for more deaths than hepatocellular carcinoma (470000 deaths)\[[@B1]\].

In Somalia, viral hepatitis, especially HBV, is of significant public health importance. Somalia is an area of the world with a high prevalence HBV infection of \> 8. There are several studies of the prevalence of HAV, HBV, HCV, HDV, and HEV in Somalia; however, to the best of our knowledge, there is no meta-analysis to provide an overall estimation of the prevalence of all viral hepatitis infections in this country. A recent report explored the reasons for such a dearth of data\[[@B4]\]. In Somalia, largely due to the unsettling decades-long civil war, medical staffs are underqualified and undertrained, and limited access to modern laboratory facilities poses substantial diagnostic challenges\[[@B4]\]. Somalia is considered to be a country that has no national strategy for the surveillance, prevention and control of viral hepatitis\[[@B5]\]. The provision of high-quality epidemiological data for viral hepatitis in Somalia could help motivate the drafting of action at the policy level. To synthesize such high-quality epidemiological estimates, we decided to undertake this systematic review and meta-analysis of studies that reported the population-level prevalence of each type of viral hepatitis (A, B, C, D and E) in Somalia. We also aimed to understand the burden of viral hepatitis in Somalia, especially HBV and HCV, and to inform public health practitioners, researchers and policy makers.

MATERIALS AND METHODS
=====================

Study area
----------

Somalia is located along the Gulf of Aden and Indian Ocean in the sub-region of East Africa, and it is bordered by Djibouti and the Gulf of Aden to the north, the Indian Ocean to the east, Kenya to the southwest and Ethiopia to the west. Somalia has the longest coastline in Africa. It has a land mass of 637657 km^2^ and a population of approximately 12 million, 61% of whom live in rural areas. Life expectancy at birth in 2015 was 49 years for males and 54 years for females\[[@B6]\]. The country is divided into eighteen administrative regions and 92 districts. Seventy-one percent of the Somali labor force is in agriculture, and almost everyone living in rural areas is involved in livestock or in farming. The per-capita total health expenditure, as a percentage of gross domestic products, was not mentioned in World Bank estimations. The proportion of Somalia's population living below the poverty line has not been published to date, but the country was the fifth-poorest country of the world according the World Bank in 2016\[[@B7]\]. According to the United Nation, the Human Development Index of Somalia stood at 0.285, and the country ranked 165^th^ out of 170 countries in 2012\[[@B8]\]. The country entered into a civil war in 1991, and many major structures collapsed, including the health sector and especially the public sectors.

Data sources and search strategy
--------------------------------

We conducted an electronic literature search in several biomedical databases, including PubMed, Google Scholar, African Journal Online, WHO African Index Medicus and Science Direct, using different combinations of key words. The search encompassed published and unpublished studies from 1977 to 2016 with epidemiological and/or clinical data on the seroprevalence of viral hepatitis in Somalia. The key words used were as follows: \["hepatitis A" AND (seroprevalence OR prevalence) AND "Somalia"\], \["hepatitis B" AND (seroprevalence OR prevalence) AND "Somalia"\], \["hepatitis C" AND seroprevalence OR prevalence) AND "Somalia"\], \["hepatitis D" AND (seroprevalence OR prevalence) AND "Somalia"\], \["hepatitis E" AND (seroprevalence OR prevalence) AND "Somalia"\]. We also reconducted the search using full written phrases, such as "Viral hepatitis", "hepatitis A", "hepatitis B" or "hepatitis B surface antigen", "hepatitis C", "hepatitis D", "hepatitis E", "epidemiology", and "Somali immigrants." We searched unpublished studies from other sources, such as universities and the website of the Ministry of Health (<http://www.moh.gov.so/en/>) for non-indexed studies or reports on the topic. The statement was reviewed systemically following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines\[[@B9]\]. If the full text of studies were not reachable, we contacted the authors by email.

Study selection, inclusion and exclusion criteria
-------------------------------------------------

In this systematic review, we considered all studies published in peer-reviewed journals between 1977 and 2016, and unpublished primary data of each type of viral hepatitis in Somalia qualified for inclusion in the review, according to the PRISMA flow diagram\[[@B9]\], which excludes case reports, systematic reviews, case series editorials, letters to the editor, commentaries, magazines, newspaper reports/articles and studies of other Somali ethnicities living in neighboring countries published in peer-reviewed journals. The titles and abstracts were screened for relevance, and full-text papers considered relevant for further screening were obtained wherever possible. The references of all identified full-text articles and reviews of the literature were also checked to identify whether there were any additional articles that were missed during screening. For the study selection of this systematic review, we sub-analyzed all articles according to population sub-groups, such as blood donors, pregnant women, children, and patients with chronic liver disease and in the general population. These subgroups were examined with no age restriction. For other populations, the age restrictions imposed were children, defined as those 12 years of age and below, and adults, defined those 18 years of age and above. The search language was restricted to English. The studies also included Somali people who immigrated to Italy, the United States, United Kingdom and Libya and were screened for hepatitis viruses.

Data extraction
---------------

For the data extraction, the two investigators, Hassan-Kadle MA and Mugtaba SO, independently applied the inclusion criteria selected the studies and extracted the data. The extracted data included the following descriptive information: author(s), publication year, country of study (because some studies were conducted among Somali populations outside of Somalia), total sample size, and cases of each type of viral hepatitis in each study.

Statistical analysis
--------------------

**Calculation of pooled prevalence:** The prevalence of viral hepatitis was extracted from every individual observational study by dividing the number of patients who tested positive over the total number included in the study. The prevalence in each study was multiplied by a weight inversely proportional to the total size of the study sample. The pooled prevalence is the sum of these weighted prevalence estimates in each individual study. We used the R software statistical packages "meta" and "metaphor" to calculate the pooled prevalence (Viechtbauer et al\[[@B10]\]; Schwarzer et al\[[@B11]\]). We chose to use a random effects model in the meta-analysis because we expected considerable heterogeneity among studies, due largely to the different settings in which studies were conducted. To compare the results, we included the results for a fixed effects meta-analysis. We attempted a meta-regression model by adjusting for the potential effect of the country where the study was conducted\[[@B12]\].

**Testing heterogeneity:** Heterogeneity testing was performed using the *I*^2^ and the Q statistic methods. We interpreted the *I*^2^ statistic results as follows: 0%, no observed heterogeneity; 25%, low; 50%, moderate; and 75%, high heterogeneity. We choose the *P* value = 0.05 as a cutoff for significant heterogeneity in interpreting the results of the Q statistic.

**Publication bias:** We used the funnel plot method to visually assess the studies by plotting the sample size against the observed prevalence. We assumed that smaller studies would vary more considerably around the pooled estimate than the larger studies would. Objective measures of the funnel plot symmetry were performed using Duval and Tweedie's trim and fill procedure (Duval et al\[[@B13]\]) and Egger's test (Egger et al\[[@B14]\]).

RESULTS
=======

Search results
--------------

Our search yielded 504 citations, which were retrieved in the literature review. After reviewing the abstracts and titles, we excluded duplicates and irrelevant studies after applying the exclusion criteria. A total of 29 articles were included in this study and were analyzed. The 29 studies were conducted in Somalia and outside of Somalia (among Somali immigrants, Figure [1](#F1){ref-type="fig"}).

![Schematic flow diagram of the studies reviewed for inclusion in analysis.](WJG-24-3927-g001){#F1}

Epidemiology of HAV
-------------------

Hepatitis A is a liver disease caused by HAV, and it occurs worldwide. This virus thus creates a public health concern, primarily in developing countries, due to its persistent circulation in the environment. Among the studies presented in Somalia, more than 90% of children had the HAV antibody by the age of 4 years\[[@B15]-[@B19]\]. In 1992, Mohamud KB and his colleagues studied a Somali sample of 593 subjects who were healthy rural and urban volunteers and child outpatients ages 0-83 years in three villages in Somalia (Mogadishu area: Buur-Ful village; Jowhar District: Mooda Moode; and Bur-Hakaba District and Bajuni Islands: Kismaio District). This sample showed a very high rate of HAV exposure of approximately 90%\[[@B15]\]. Another study by Bile et al\[[@B16]\] conducted at two institutions for children in Somalia (Shebeli: 596 subjects and Societe Organization Sociale, SOS: 76 subjects) showed a very high rate of HAV in the two samples of 96% and 59%, respectively. One study indicated that HAV in Somalia occurs primarily between 4 mo to 4 years of age, because the child has passive immunity from maternal antibodies during the first 3 mo of life\[[@B17]\]. Sebastiani et al \[[@B18]\] presented a result of 90.6%. Another study conducted in Italy for immigrant communities, which included 213 subjects, mostly originating from Somalia (177 or 83%), Ethiopia (21 or 10%), and Djibouti, Egypt and Saudi Arabia, showed a very high prevalence of HAV of 96%, including children (87.5% of children were under 12 years)\[[@B19]\].These reports of anti-HAV prevalence rates across the 4 studies ranged from 59.2% to 96%\[[@B15]-[@B19]\], as shown in Table [1](#T1){ref-type="table"}. Four studies met the inclusion criteria for the meta-analysis of the prevalence of HAV infection. The four studies included examined the prevalence of HAV infection in the total of 1564 Somali participants, and the quality of the included studies also varied. We used the extracted data of the 4 studies to quantify the overall pooled prevalence of HAV infection. The pooled effect size for the prevalence of HAV infection among Somali people was 90.2% (95%CI: 77.8% to 96%). The heterogeneity was high (*I*^2^ = 95.6%, 95%CI: 92.2% to 97.5%). Another indication of high heterogeneity was the Q-statistic \[Q (degrees of freedom = 4) = 90.31, *P* value \< 0.001\]. The result of this analysis is presented in the forest plot showing the effect sizes for the individual original studies and their 95%CIs, as shown in Figure [2](#F2){ref-type="fig"}.

###### 

Hepatitis A virus of overall prevalence at Somali population in Somalia and Somali immigrants *n* (%)

  **Author**                   **Publication year**   **Total**   **Hepatitis A virus**   **Setting**   **Population**
  ---------------------------- ---------------------- ----------- ----------------------- ------------- ----------------
  Faustini et al\[[@B19]\]     1994                   213         204 (96)                Italy         Immigrants
  Bile et al\[[@B16]\]         1992                   596         572 (96)                Somalia       Local
  Bile et al\[[@B16]\]         1992                   76          45 (59.2)               Somalia       Local
  Mohamud et al\[[@B15]\]      1992                   593         534 (90)                Somalia       Local
  Sebastiani et al\[[@B18]\]   1984                   86          78 (90.6)               Somalia       Local

![Meta-analysis and forest plot presentation of the anti-hepatitis A virus antibody from 1984 to 1994.](WJG-24-3927-g002){#F2}

Despite the significant heterogeneity, the funnel plot displayed a symmetric spread of studies in terms of relative weight and effect size, thereby indicating little evidence of publication bias (Figure [3](#F3){ref-type="fig"}). Notably, the total number of studies was small, and the individual studies were of variable sample size.

![Bias assessment plot of studies reporting of hepatitis A virus prevalence in Somalia from 1984 to 1994.](WJG-24-3927-g003){#F3}

Moreover, Duval and Tweedie's trim and fill procedure for the detection of publication bias did not support the possibility of missing studies from the analysis. The effect size imputed was 87.6%, which was close to the observed effect size. Notably, we could not perform Egger's test for the assessment of symmetry of the funnel plot due to the small number of included studies.

Sub-analysis according to country/setting
-----------------------------------------

The majority of the studies (*n* = 3) were conducted in Somalia with a pooled prevalence of HAV of 88.1% (95%CI: 71.1% to 95.7%) and high heterogeneity (*I*^2^ = 96.3%). These studies are followed by 1 study conducted in Italy, with a prevalence of HAV of 95.8% (95%CI: 92.1% to 97.8%, Figure [4](#F4){ref-type="fig"}).

![Forest plot of hepatitis A virus prevalence rates for studies conducted in Somalia from 1984 to 1992.](WJG-24-3927-g004){#F4}

Age pattern of HAV infection
----------------------------

**Characteristics of the studies included:** All studies met the inclusion criteria for the meta-analysis of the prevalence of HAV infection and examined the prevalence of HAV infection in a total of 1488 Somali participants belonging to 4 major age groups. The quality of the included studies varied (Table [2](#T2){ref-type="table"}).

###### 

Age pattern of hepatitis A infection

  **Age group**   **Author/Publication year**       **Total**   **Cases**   **Total**   **Healthy**   **Serology**
  --------------- --------------------------------- ----------- ----------- ----------- ------------- --------------
  0-11 mo         Mohamud et al 1992\[[@B15]\]      52          32          52          20            Anti-HAV
                                                                                                      
  1-11 yr         Mohamud et al 1992\[[@B15]\]      189         176         189         13            Anti-HAV
                  Sebastiani et al 1984\[[@B18]\]   35          33          35          2             Anti-HAV
                  Faustini et al 1994\[[@B19]\]     213         186         213         27            Anti-HAV
                  Bile et al 1992\[[@B16]\]         234         220         234         14            Anti-HAV
                  Total                             723         647         723         76            Anti-HAV
                                                                                                      
  11-19 yr        Mohamud et al 1992\[[@B15]\]      62          58          62          4             Anti-HAV
                  Sebastiani et al 1984\[[@B18]\]   21          20          21          1             Anti-HAV
                  Bile et al 1992\[[@B16]\]         362         353         362         9             Anti-HAV
                  Total                             445         431         445         14            Anti-HAV
                                                                                                      
  20-39 yr        Mohamud et al 1992\[[@B15]\]      164         153         164         11            Anti-HAV
                  Sebastiani et al 1984\[[@B18]\]   19          16          19          3             Anti-HAV
                  Total                             183         169         183         14            Anti-HAV
                                                                                                      
  40+ yr          Mohamud et al 1992\[[@B15]\]      126         111         126         15            Anti-HAV
                  Sebastiani et al 1984\[[@B18]\]   11          9           11          2             Anti-HAV
                  Total                             137         120         137         17            Anti-HAV

HAV: Hepatitis A virus.

**Pooled prevalence of HAV infection per age group:** We used the extracted data of the 4 studies to quantify the overall pooled prevalence of HAV infection in each age group.

One study was conducted on patients younger than one year old. The pooled effect size for the prevalence of HAV infection among Somali people aged less than one year was 61.54% (95%CI: 40.14% to 79.24%).

The pooled effect size (out of 4 studies) for the prevalence of HAV infection among Somali people aged 1-10 years old was 91.91% (95%CI: 87.76% to 94.73%). The heterogeneity was moderate (*I*^2^ = 59.9%). Another indication of moderate heterogeneity was the Q-statistic \[Q (degrees of freedom = 3) = 7.49\].

The pooled effect size (out of 3 studies) for the prevalence of HAV infection among Somali people aged 11-19 years old was 96.31% (95%CI: 92.84% to 98.14%). The heterogeneity was low (*I*^2^ = 26.5%). Another indication of low heterogeneity was the Q-statistic \[Q (degrees of freedom = 2) = 2.72\].

The pooled effect size (out of 2 studies) for the prevalence of HAV infection among Somali people aged 20-39 years old was 91.3% (95%CI: 83.07% to 95.73%). The heterogeneity was moderate (*I*^2^ = 46.3%). Another indication of heterogeneity was the Q-statistic \[Q (degrees of freedom = 1) = 1.86\].

The pooled effect size (out of 2 studies) for the prevalence of HAV infection among Somali people aged over 40 years old was 86.96% (95%CI: 75.68% to 93.47%). The heterogeneity was low (*I*^2^ = 0%). Another indication of low heterogeneity was the Q-statistic \[Q (degrees of freedom = 1) = 0.36\]. The result of this analysis is presented in the forest plot showing the effect sizes for the individual original studies and their 95%CI, as shown in Figure [5](#F5){ref-type="fig"}.

![Forest plot of hepatitis A virus infection prevalence rates according to age groups from 1984 to 1994.](WJG-24-3927-g005){#F5}

Despite the significant heterogeneity, the funnel plot displayed a symmetric spread of studies in terms of relative weight and effect size, thereby indicating little evidence of publication bias (Figure [6](#F6){ref-type="fig"}). Notably, the total number of studies was small, and the individual studies were of variable sample size.

![Bias assessment plot of studies reporting hepatitis A virus and age groups.](WJG-24-3927-g006){#F6}

Moreover, the Duval and Tweedie's trim and fill procedure for the detection of publication bias did not support the possibility of missing studies from the analysis. The effect size imputed was 88.56%, which was not widely different from the observed effect size.

Epidemiology of HBV
-------------------

Somalia is classified among countries as having a high hepatitis B surface antigen (HBsAg) endemicity of more than 8%\[[@B20],[@B21]\]. The first study of HBV in the country was conducted in 1977, in which Delia S and his colleagues were presented with a higher frequency of HBsAg among patients with ancylostomiasis (33.33%) and with urinary schistosomiasis (25.92%) than among leprosy patients (9.67% in the L type and 6.89% in the T type), and the overall prevalence among these patients was shown to be high, with 76.1% (118/155) being observed among patients who were HBsAg positive and 11.11% of the controls. In the leprosy patients with schistosomiasis, the frequency was 40.0%\[[@B22]\]. Another study conducted in 1978 showed that HBsAg was found in 14.8%of these patients (54 cases), while the frequency was 34.0% among controls (47 cases). However, the overall prevalence in this study was 23.7% (77/101)\[[@B23]\].

In 1979, Nuti et al \[[@B24]\] studied 222 Somalian patients with the lepromatous form of leprosy (LL; *n* = 135 patients) and the tuberculoid form of the disease (TT; *n* = 87 patients) for HBV markers. The results showed that the proportion of leprosy and tuberculoid patients presenting with HBsAg was 24.4% (54/222) and 11.5% (26/222), respectively, but the overall prevalence of HBsAg-positive patients in this article was 36% (80/222)\[[@B24]\]. Another study published in this year revealed that among patients with acute viral hepatitis who were tested for the presence of HBsAg and the e-antigen and its corresponding antibodies, HBsAg was found in 60% of patients with hepatitis and 34% of controls, and the overall prevalence of HBsAg-positive patients was 48% (49/102)\[[@B25]\]. Nuti M and his colleagues also found that 14% (22/157) of patients were HBsAg-positive for the overall prevalence of their study, but in patients with bladder schistosomiasis and in controls, the prevalence was 19.4% (13/67) and 10% (9/90), respectively\[[@B26]\].

In 1985, a study conducted in three different villages of Somalia found that 12.08% (40/331) of subjects aged 1-83 years were HBsAg-positive, 29.9% were anti-HBs-positive, 43.8% were anti-HBc-positive, 21.4% were anti-HBe-positive, and the overall prevalence in this study was 12% (46/383) of subjects, including those under one year of age. Among the HBsAg-positive subjects, 34.7% were HBeAg-positive and 21.7% had anti-HBcAg-IgM\[[@B27]\]. A survey study in 1987 of HBV epidemiology was carried out among 383 adults from different areas of Somalia and in 135 pregnant women and 428 children from Mogadishu. The study showed a high incidence of HBsAg among nomadic males 20/85; (23%) and a lower incidence among males from agricultural and coastal areas, *i.e*., 16/93 (17%) and 14/98 (14%), respectively. Meanwhile, the lowest frequency of HBsAg was observed among women from coastal areas (6/72; 8%) and among pregnant women (14/135; 10.4%), none of whom had HBeAg. However, a low number of children were HBsAg-positive, both under 4 years old (3/94; 3%) and 4-13 years of age (5/128; 4%). In the 15-19 age group, 50% of subjects showed seroconversion from HBeAg to anti-HBe. A total of 7 out of 41 HBsAg carriers aged over 20 had HBeAg, while the overall prevalence of 8.2% (78/946) was HBsAg-positive\[[@B28]\].

In 1987, Jama H and his colleagues conducted a study of sexual transmitted diseases among varied population groups, and these diseases were detected in 22.4% (49/218) of subjects in the overall populations, including 37% of pregnant women, 4% of neonates, 22% of educated women and 20% of prostitutes\[[@B29]\]. Another study in the country showed that 50% (52/104) of subjects was HBsAg-positive\[[@B30]\]. In 1989, a total of 1138 subjects with HBsAg were examined from different regions of Somalia; the results showed that 19.3% (220/1138) of subjects were HBsAg-reactive\[[@B31]\]. Bile KM and his colleagues conducted a case-control study that detected that 28.8% (67/232) of the overall prevalence was HBsAg subjects, including cases and control groups\[[@B32]\].

A total of 256 serum samples collected from blood donors (157 subjects) and hospitalized children (42 subjects) and adults (57 subjects) in Mogadishu were examined. The results showed that among 198 samples tested, the HBsAg carrier rate was 19.1% (22/115), 5.6%(2/36) and 21.3% (10/47) among blood donors, hospitalized children and hospitalized adults, respectively, but in the overall prevalence,17.1% (34/198) were positive for HBsAg\[[@B33]\].

The prevalence calculation carried out by Mohamud KB and his colleagues indicated that 10.5% (134/1272) of subjects were positive for HBsAg\[[@B15]\]. Another study published in 1992 showed that 15.9% (95/596) of subjects were HBsAg-positive in one institution at Shabeli residence\[[@B16]\]. In a case-control study published in 1993, it was detected that 13.5% (29/124) of subjects in the overall prevalence of both groups were HBsAg-positive\[[@B34]\]. In 1994, a study conducted in Italy among immigrant communities detected HBsAg among 3.2% (7/213) of subjects\[[@B19]\]. Another study carried out in the United Kingdom among Somali immigrant communities showed that 5.6% (25/439) of subjects were positive for HBsAg\[[@B35]\]. Shire AM and his colleagues conducted a study in the United States and found that 13.6% (151/1109) of their sample were positive for HBsAg\[[@B36]\]. Unpublished studies performed in the country in 2011 and 2012 showed that 40.1% (59/147)\[[@B37]\] and 39.1% (61/156)\[[@B38]\] of subjects, respectively, were HBsAg reactive. A study in an immigrant community mostly originating from Somalia showed that 6.2% (31/500) of subjects had been detected with HBsAg\[[@B39]\].

Pooled prevalence of HBV infection
----------------------------------

The reported HBsAg prevalence rates across the 23 studies ranged from 1.9% to 76%, as shown in Table [3](#T3){ref-type="table"}. Additionally, the percentage of studies that reported prevalence rates that exceeded 8% was 82.6% (19/23), so we define this endemicity level of an area as high. A total of 17.3% (4/23) of studies reported prevalence rates of at least 8%. The 23 studies met the inclusion criteria for the meta-analysis of the prevalence of hepatitis virus infection and examined the prevalence of HBV infection in a total of 8756 Somali participants. The quality of the included studies also varied. We used the extracted data of the 23 studies to quantify the overall pooled prevalence of HBV infection. The pooled effect size for the prevalence of HBV infection among Somali people was 18.9% (95%CI: 14% to 29%). The heterogeneity was high (*I*^2^ = 97.6%, 95%CI: 96.2% to 97.6%). Another indication of high heterogeneity was the Q-statistic \[Q (degrees of freedom = 22) = 726.17, *P* value \< 0.001\]. The result of this analysis is presented in the forest plot showing the effect sizes for the individual original studies and their 95%CI, as shown in Figure [7](#F7){ref-type="fig"}.

###### 

Summary of studies of included studies on the prevalence of hepatitis B viral infection in a Somali population in Somalia and Somali immigrants (1977-2014) *n* (%)

  **No**.   **Author**                   **Publication year**   **Total**   **HBsAg**    **Healthy**   **Setting**      **Population**
  --------- ---------------------------- ---------------------- ----------- ------------ ------------- ---------------- ----------------
  1         Padovese et al\[[@B39]\]     2014                   500         31 (6.2)     469           Italy            Immigrants
  2         Kadle et al\[[@B38]\]        2012                   156         61 (39.1)    95            Somalia          Local
  3         Shire et al\[[@B36]\]        2012                   1109        151 (13.6)   958           United States    Immigrants
  4         Khadjio et al\[[@B37]\]      2011                   147         59 (40.1)    88            Somalia          Local
  5         Aweis et al\[[@B35]\]        2001                   439         25 (5.6)     414           United Kingdom   Immigrants
  6         Nur et al\[[@B33]\]          2000                   198         34 (17.1)    164           Somalia          Local
  7         Faustini et al\[[@B19]\]     1994                   213         7 (3.2)      206           Italy            Immigrants
  8         Bile et al\[[@B34]\]         1993                   124         29 (13.5)    95            Somalia          Local
  9         Bile et al\[[@B16]\]         1992                   596         95 (15.9)    501           Somalia          Local
  10        Mohamud et al\[[@B15]\]      1992                   1272        134 (10.5)   1138          Somalia          Local
  11        Bile et al\[[@B32]\]         1991                   232         67 (28.8)    165           Somalia          Local
  12        Aceti et al\[[@B31]\]        1989                   1138        220 (19.3)   918           Somalia          Local
  13        Bile et al\[[@B40]\]         1991                   158         3 (1.9)      155           Somalia          Local
  14        Aceti et al\[[@B30]\]        1991                   104         52 (50)      52            Somalia          Local
  15        Jama et al\[[@B29]\]         1987                   218         49 (22.4)    169           Somalia          Local
  16        Bile et al\[[@B28]\]         1987                   946         78 (8.2)     868           Somalia          Local
  17        Sebastiani et al\[[@B27]\]   1985                   383         46 (12)      337           Somalia          Local
  18        Nuti et al\[[@B26]\]         1979                   102         49 (48)      58            Somalia          Local
  19        Nuti et al\[[@B25]\]         1979                   157         22 (14)      135           Somalia          Local
  20        Nuti et al\[[@B24]\]         1978                   101         24 (23.7)    77            Somalia          Local
  21        Nuti et al\[[@B23]\]         1979                   222         80 (36)      142           Somalia          Local
  22        Delia et al\[[@B22]\]        1977                   155         118 (76.1)   37            Somalia          Local
  23        Sebastiani et al\[[@B18]\]   1984                   86          11 (12.7)    75            Somalia          Local

HBsAg: Hepatitis B surface antigen.

![Forest plot of hepatitis B virus infection prevalence rates in Somalia in published and unpublished studies from 1977 to 2014.](WJG-24-3927-g007){#F7}

Despite the significant heterogeneity, the funnel plot displayed a symmetric spread of studies in terms of relative weight and effect size, thereby indicating little evidence of publication bias (Figure [8](#F8){ref-type="fig"}). Notably, the total number of studies was reasonable, and the individual studies were of variable sample size.

![Bias assessment plot of studies reporting hepatitis B virus prevalence rate in Somalia from 1977 to 2014.](WJG-24-3927-g008){#F8}

Moreover, Duval and Tweedie's trim and fill procedure for the detection of publication bias did not support the possibility of missing studies from the analysis. The effect size imputed was 18.9%, which was notably similar to the observed effect size. Furthermore, Egger's test for assessment of symmetry of the funnel plot was not statistically significant (*t* = 0.6158, degrees of freedom = 21, *P*-value = 0.5447), providing further support for the absence of publication bias.

Sub-analysis according to country/setting
-----------------------------------------

The majority of the studies (*n* = 19) were conducted in Somalia, with a pooled prevalence of HBV of 23% (95%CI: 16.9% to 30.6%) and high heterogeneity (*I*^2^ = 96.9%). These findings are followed by 2 studies conducted in Italy, with a pooled prevalence of HBV of 4.6% (95%CI: 1.4% to 14.2%) and moderate heterogeneity (*I*^2^ = 58.9%). One study was conducted in the United Kingdom, with a prevalence of HBV of 5.7% (95%CI: 1.1% to24.6%), and another study was conducted in the United States, with a prevalence of HBV of 13.6% (95%CI: 3.0% to 45.0%) (Figure [9](#F9){ref-type="fig"}).

![Forest plot of hepatitis B virus prevalence rates for studies conducted according to setting from 1977 to 2014.](WJG-24-3927-g009){#F9}

Meta-regression analysis
------------------------

Examining the effect of setting, significant variability could be explained by meta-regressing the meta-analysis over the four settings: Italy, Somalia, the United Kingdom, and the United States. Tests of moderators indicated the following: coefficient(s) 2, 3, 4: QM (df = 3) = 10.5687, *P*-value = 0.0143. For the prevalence results in Somalia compared to those of Italy, the *P* value was 0.0056, and the estimate was 1.8193. For the United Kingdom and the United States, the variability was not significantly different from that of Italy (*P* value=0.8373 and 0.2608, respectively).

Sub-analysis according to the population
----------------------------------------

The majority of the studies (*n* = 19) were conducted on the local population in Somalia with a pooled prevalence of HBV of 23% (95%CI: 16.9% to 30.6%) and high heterogeneity (*I*^2^ = 96.9%). The remaining 4 studies were conducted on immigrants with a pooled prevalence of HBV of 23.1% (95%CI: 17.0% to 30.5%) and high heterogeneity (*I*^2^ = 92.8%) (Figure [10](#F10){ref-type="fig"}).

![Forest plot of hepatitis B virus prevalence rates for studies conducted according to population from 1977 to 2014.](WJG-24-3927-g010){#F10}

Meta-regression analysis
------------------------

Examining the effect of population, significant variability could be explained by meta-regressing the meta-analysis over the two population types: immigrants and locals. Tests of moderators indicated the following: coefficient 2: QM (df = 1) = 9.5448, *P*-val = 0.0020. For the prevalence results of the local Somali population compared to the immigrant population, the *P* value was 0.002, and the estimate was 1.4498.

Pregnant women and HBV infection
--------------------------------

A total of 2 studies presented HBV prevalence rates among pregnant women, and these studies showed that 10.4% (14/135) of subjects were HBsAg-positive\[[@B28]\], while the other study presented 37% (19/52) of subjects as positive for HBsAg\[[@B29]\], as shown in Table [4](#T4){ref-type="table"}. The two studies met the inclusion criteria for the meta-analysis of the prevalence of HBV infection during pregnancy. The pooled effect size for the prevalence of HBV infection during pregnancy among Somali people was 20.5% (95%CI: 5.1% to 55.4%). The heterogeneity was high (*I*^2^ = 93.7%). See Figure [11](#F11){ref-type="fig"}.

###### 

Hepatitis B virus infection prevalence rates among pregnant women

  **Author**             **Year**   **Total**   **HBsAg**    **Healthy**   **Setting**   **Population**
  ---------------------- ---------- ----------- ------------ ------------- ------------- ----------------
  Bile et al\[[@B28]\]   1987       135         14 (10.3%)   121           Mogadishu     Pregnant women
  Jama et al\[[@B29]\]   1987       52          19 (37%)     33            Mogadishu     Pregnant women

HBsAg: Hepatitis B surface antigen.

![Forest plot of hepatitis B virus infection prevalence rates among pregnant women.](WJG-24-3927-g011){#F11}

HBV infection in children
-------------------------

A total of six studies showed HBV prevalence rates between 0% to 16% among children\[[@B16],[@B27]-[@B30],[@B40]\]. See Table [5](#T5){ref-type="table"}. Six studies met the inclusion criteria for the meta-analysis of the prevalence of HBV infection among children. The pooled effect size for the prevalence of HBV infection in Somali children was 5.7% (95%CI: 2.7% to 11.5%). The heterogeneity was high (*I*^2^ = 88.1%, 95%CI: 77.8% to 93.6%, Figure [12](#F12){ref-type="fig"}).

###### 

Hepatitis B infection prevalence rates among Somali children

  **Author**                   **Year**   **Total**   **Cases**   **HBsAg**   **Healthy**   **Setting**                             **Population**
  ---------------------------- ---------- ----------- ----------- ----------- ------------- --------------------------------------- --------------------------------------------------------------------------------------
  Sebastiani et al\[[@B27]\]   1985       219         25          11%         194           Jowhar, Bur-Hakaba, Kismaio and Afgoy   Children living in four villages
  Bile et al\[[@B16]\]         1992       596         95          16%         501           Mogadishu area                          Children in government-operated residence for abandoned children in Shebeli
  Bile et al\[[@B16]\]         1992       76          3           4%          73            Mogadishu                               Children in government-operated residences for abandoned children in SOS institution
  Bile et al\[[@B40]\]         1991       106         0           0%          106           Lower Shabelle                          Children living in Mukay Dumis
  Nur et al\[[@B30]\]          2000       36          2           6%          34            Mogadishu                               Hospitalized children
  Bile et al\[[@B28]\]         1987       428         11          3%          417           Mogadishu                               Children living in Mogadishu
  Jama et al\[[@B29]\]         1987       26          1           4%          25            Mogadishu                               Newborn babies

HBsAg: Hepatitis B surface antigen.

![Forest plot of hepatitis B virus infection prevalence rates among Somali children.](WJG-24-3927-g012){#F12}

Hepatitis B in chronic liver disease (including hepatocellular carcinoma)
-------------------------------------------------------------------------

Six studies met the inclusion criteria for the meta-analysis of the prevalence of HBV infection among patients with chronic liver disease, including patients with hepatocellular carcinoma, in Somali people. Their prevalence ranges from 17.9% to 50%\[[@B30],[@B32],[@B34],[@B36]-[@B38]\] (Table [6](#T6){ref-type="table"}). The pooled effect size for the prevalence of hepatitis B among chronic liver disease patients in Somali people was 39.2% (95%CI: 33.4% to 45.4%). The heterogeneity was moderate (*I*^2^ = 53.7%, 95%CI: 0% to 81.5%, Figure [13](#F13){ref-type="fig"}).

###### 

Studies among patients with chronic liver disease (including hepatocellular carcinoma) in Somalia *n* (%)

  **Author**                **Year**   **Total**   **HBsAg**   **Healthy**   **Setting**     **Population**
  ------------------------- ---------- ----------- ----------- ------------- --------------- ----------------
  Shire et al\[[@B36]\]     2012       30          5 (17.9)    25            United States   Immigrants
  Kadle et al\[[@B38]\]     2012       156         61 (39.1)   95            Somalia         Local
  Khadija et al\[[@B37]\]   2011       147         59 (40.1)   88            Somalia         Local
  Bile et al\[[@B34]\]      1993       62          23 (37.1)   39            Somalia         Local
  Bile et al\[[@B32]\]      1991       116         44 (37.9)   72            Somalia         Local
  Aceti et al\[[@B30]\]     1991       104         52 (50)     52            Somalia         Local

HBsAg: Hepatitis B surface antigen.

![Forest plot of hepatitis B virus infection prevalence rates among patients with chronic liver disease, including hepatocellular carcinoma.](WJG-24-3927-g013){#F13}

Despite the moderate heterogeneity, the funnel plot displayed a symmetric spread of studies in terms of relative weight and effect size, thereby indicating little evidence of publication bias (Figure [14](#F14){ref-type="fig"}). Moreover, the Duval and Tweedie's trim and fill procedure for the detection of publication bias did not support the possibility of missing studies from the analysis. The effect size imputed was 41.5%, which was close to the observed effect size (*i.e*., 39.2%). However, the heterogeneity, expectedly, was statistically significant (Q = 18.28, df = 7, *P* = 0.0108).

![Bias assessment plot of studies reporting among patients with chronic liver disease, including hepatocellular carcinoma.](WJG-24-3927-g014){#F14}

Sub-analysis according to the age group
---------------------------------------

The available studies (*n* = 5) contained data on the prevalence of HBV infection among three age groups (below 20 years, 20-40 years, and above 40 years) that were available for extraction. The reported prevalence rate of these studies according to age group was as follows: below 20 (1% to 16%)\[[@B16],[@B18],[@B28],[@B40]\]; 20-39 (6% to 16%)\[[@B18],[@B28],[@B40]\]; and above 40 (0% to 13%)\[[@B18],[@B28],[@B40]\] (Table [7](#T7){ref-type="table"}). The HBV infection pooled effect was highest among the 20-39 age group at 12.4% (95%CI: 6.3% to 23.0%) followed by the above-40 age group at 11.8% (95%CI: 5.3% to 24.5%). The lowest pooled prevalence was in the below-20 age group at 7.7% (95%CI: 4.2% to 13.6%). The heterogeneity was very low for the 20-39 and the above-40 age groups (*I*^2^ = 0%) but was very high for the below-20 age group (*I*^2^ = 91.1%) (Figure [15](#F15){ref-type="fig"}).

###### 

Age pattern of hepatitis B virus infection *n* (%)

  **Age group**   **Author**                   **Publication year**   **Total**   **HBsAg**   **Healthy**
  --------------- ---------------------------- ---------------------- ----------- ----------- -------------
  0-20            Sebastiani et al\[[@B40]\]   1985                   219         25 (11)     194
                  Bile et al\[[@B28]\]         1987                   428         11 (6)      417
                  Bile et al\[[@B40]\]         1991                   119         1 (1)       118
                  Bile et al\[[@B16]\]         1992                   596         95 (16)     501
                  Sebastiani et al\[[@B18]\]   1984                   56          7 (13)      49
                                               Total                  1418        139 (9.8)   1279
  20-39           Sebastiani et al\[[@B40]\]   1985                   94          13 (14)     81
                  Bile et al\[[@B28]\]         1987                   442         62 (14)     380
                  Bile et al\[[@B40]\]         1991                   36          2 (6)       34
                  Sebastiani et al\[[@B18]\]   1984                   19          3 (16)      16
                                               Total                  591         80 (14)     511
  40+             Sebastiani et al\[[@B40]\]   1985                   70          8 (11)      62
                  Bile et al\[[@B28]\]         1987                   76          10 (13)     66
                  Bile et al\[[@B40]\]         1991                   3           0 (0)       3
                  Sebastiani et al\[[@B18]\]   1984                   11          1 (9.1)     10
                                               Total                  160         19 (11.8)   141

HBsAg: Hepatitis B surface antigen.

![Forest plot of hepatitis B virus infection prevalence rates among age groups.](WJG-24-3927-g015){#F15}

The funnel plot indicated little evidence to support publication bias. Furthermore, Egger's test for the assessment of symmetry of the funnel plot was not statistically significant (*t* = -1.8748, degrees of freedom = 11, *P*-value = 0.0876), providing some support, at the 5% significance level, for the absence of publication bias (Figure [16](#F16){ref-type="fig"}).

![Bias assessment plot of studies reporting among age groups.](WJG-24-3927-g016){#F16}

Risk groups and HBV
-------------------

**Characteristics of the studies included:** Seven studies met the inclusion criteria for the meta-analysis of the prevalence of HBV infection and their risk groups, as shown in Table [8](#T8){ref-type="table"}. The 7 included studies examined the prevalence of HBV infection in a total of 1488 Somali participants belonging to 7 major risk groups. The quality of the included studies also varied.

###### 

Risk groups and hepatitis B virus

  **Author**              **Year**   **Total**   **Cases**   **Healthy**   **Population**
  ----------------------- ---------- ----------- ----------- ------------- -------------------------------------
  Nuti et al\[[@B24]\]    1979       135         33          102           Patients with leprosy
  Nuti et al\[[@B24]\]    1979       87          10          77            Patients with leprosy
  Nuti et al\[[@B23]\]    1978       54          8           46            Patients with schistosomiasis
  Nuti et al\[[@B26]\]    1979       67          13          54            Patients with schistosomiasis
  Delia et al\[[@B22]\]   1977       155         52          103           Patients with ancylostomiasis
  Delia et al\[[@B22]\]   1977       155         40          115           Patients with schistosomiasis
  Delia et al\[[@B22]\]   1977       155         15          140           Patients with leprosy
  Delia et al\[[@B22]\]   1977       155         11          144           Patients with leprosy
  Nuti et al\[[@B25]\]    1979       55          33          22            Patients with acute viral hepatitis
  Jama et al\[[@B29]\]    1987       85          17          68            Female Prostitutes
  Nur et al\[[@B33]\]     2000       36          2           34            Hospitalized children
  Nur et al\[[@B33]\]     2000       47          10          37            Hospitalized adult

**Pooled prevalence of HBV infection of Risk groups:** We used the extracted data of the 12 studies to quantify the overall pooled prevalence of HAV infection in each group.

One study was conducted on female prostitutes. The pooled effect size for the prevalence of HBV infection among Somali prostitutes was 20% (95%CI: 7.19% to 44.64%).

One study was conducted on hospitalized adults. The pooled effect size for the prevalence of HBV infection among Somali hospitalized adults was 21.28% (95%CI: 7.15% to 48.69%).

One study was conducted on hospitalized children. The pooled effect size for the prevalence of HBV infection among Somali hospitalized children was 5.56% (95%CI: 0.99% to 25.62%).

One study was conducted on patients with acute hepatitis. The pooled effect size for the prevalence of HBV infection among Somali acute hepatitis patients was 60% (95%CI: 31.66% to 82.92%).

One study was conducted on patients with ancylostomiasis. The pooled effect size for the prevalence of HBV infection among Somali ancylostomiasis patients was 33.55% (95%CI: 14.44% to 60.16%).

Four studies were conducted on leprosy patients. The pooled effect size for the prevalence of HBV infection among Somali leprosy patients was 12.34% (95%CI: 7.24% to 20.26%). The heterogeneity was high (*I*^2^ = 85.3%). Another indication of high heterogeneity was the Q-statistic \[Q (degrees of freedom = 3) = 20.38\].

Three studies were conducted on schistosomiasis patients. The pooled effect size for the prevalence of HBV infection among Somali schistosomiasis patients was 20.19% (95%CI: 11.28% to 33.49%). The heterogeneity was low (*I*^2^ = 36%). Another indication of low heterogeneity was the Q-statistic \[Q (degrees of freedom = 2) = 3.13\].

The result of this analysis is presented in the forest plot showing the effect sizes for the individual original studies and their 95%CIs, as shown in Figure [17](#F17){ref-type="fig"}.

![Forest plot of hepatitis B virus infection prevalence rates among risk groups.](WJG-24-3927-g017){#F17}

Despite the significant heterogeneity, the funnel plot displayed a symmetric spread of studies in terms of relative weight and effect size, thereby indicating little evidence of publication bias (Figure [18](#F18){ref-type="fig"}). Notably, the total number of studies was small, and the individual studies were of variable sample size.

![Bias assessment plot of studies reporting among risk groups.](WJG-24-3927-g018){#F18}

Moreover, Duval and Tweedie's trim and fill procedure for the detection of publication bias did not support the possibility of missing studies from the analysis. The effect size imputed was 28.5% which was not widely different from the observed effect size.

Epidemiology of HCV
-------------------

There are few studies on HCV infection in Somalia. Watts DM and his colleagues studied 438 subjects, including female prostitutes (1.7% or 4/236), patients from a sexually transmitted disease clinic (2% or 2/80), male soldiers (1.3% or 1/79), and tuberculosis patients (2.3% or 1/43), while the overall prevalence showed that 1.8% (8/438) were anti-HCV positive\[[@B41]\].Another study investigated children from two institutions for children in Somalia, showing that 1.5% of children were positive for anti-HCV in one residence of 596 children, including boys (1.9% or 6/309) and girls (1% or 3/287). However, in corresponding individuals, 76 children (boys and girls) showed a result of 0%\[[@B16]\]. A study conducted among blood donors revealed that (0.6% or 1/157) were anti-HCV-positive, while the overall presence of anti-HCV in this study was (2.4% or 6/256)\[[@B33]\]. A case-control study of HCV in chronic liver disease patients showed an estimate of 4% (35/885) in overall subjects\[[@B42]\]. Bile K and his colleagues found that 23.3% (29/124) of subjects had antibodies for HCV in the overall prevalence of cases and controls\[[@B34]\]. In 2014, a study conducted in Malta among asylum seekers showed that 0.6 %(3/500) of subjects were anti-HCV-positive\[[@B39]\]. Another study in Italy among immigrant communities that mostly came from Somalia indicated that 2.3% (5/213) had HCV-positive antibodies\[[@B19]\], and a study conducted in immigrant Somali communities in the United States showed that 9.1% (78/854) of subjects were anti-HCV-positive\[[@B36]\] (Table [9](#T9){ref-type="table"}). Among population groups at risk for HCV in Somalia, studies have shown a result of 0% to 7%\[[@B33],[@B41],[@B42]\], shown in Table [10](#T10){ref-type="table"}. Eleven studies met the inclusion criteria for the meta-analysis of the prevalence of HCV infection (Table [9](#T9){ref-type="table"}).

###### 

Summary of studies on the overall prevalence of hepatitis C viral infection in a Somali population in Somalia and Somali immigrants (1970-2016)

                             **Year**   **Total**   **Cases**   **Total**   **Healthy**   **Setting**     **Population**
  -------------------------- ---------- ----------- ----------- ----------- ------------- --------------- ----------------
  Daw et al\[[@B43]\]        2016       2012        164         2012        1848          Libiya          Immigrants
  Padovese et al\[[@B39]\]   2014       500         3           500         497           Italy           Immigrants
  Kadle et al\[[@B38]\]      2012       156         30          156         126           Somalia         Local
  Shire et al\[[@B36]\]      2012       854         78          854         776           United States   Immigrants
  Khadjio et al\[[@B37]\]    2011       147         15          147         132           Somalia         Local
  Nur et al\[[@B33]\]        2000       256         6           256         250           Somalia         Local
  Faustini et al\[[@B19]\]   1994       213         5           213         208           Italy           Immigrants
  Watts et al\[[@B41]\]      1994       438         8           430         90            Somalia         Local
  Aceti et al\[[@B42]\]      1993       885         35          885         850           Somalia         Local
  Bile et al\[[@B34]\]       1993       124         29          124         95            Somalia         Local
  Bile et al\[[@B16]\]       1992       596         9           596         587           Somalia         Local
  Bile et al\[[@B16]\]       1992       76          0           76          76            Somalia         Local

###### 

Studies on hepatitis C virus among risk groups in Somalia

  **Author**              **Year**   **Total**   **Cases**   **Total**   **Healthy**   **Setting**                 **Population**
  ----------------------- ---------- ----------- ----------- ----------- ------------- --------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------
  Aceti et al\[[@B42]\]   1993       287         0           287         278           Mogadishu                   Hospitalized children with diseases other than hepatitis
  Watts et al\[[@B41]\]   1994       236         4           236         232           Mogadishu, Marka, Kismayo   Female prostitutes
  Nur et al\[[@B33]\]     2000       42          1           42          41            Mogadishu                   Hospitalized children with measles, tuberculosis, anemia and other febrile illnesses
  Watts et al\[[@B41]\]   1994       80          2           80          78            Mogadishu, Marka, Kismayo   Sexually transmitted disease patients
  Nur et al\[[@B33]\]     2000       57          4           57          53            Mogadishu                   Hospitalized adults with tuberculosis, malaria, acute respiratory infections, and unknown diagnosis (no clinically evident case of hepatitis)
  Aceti et al\[[@B42]\]   1993       179         4           179         175           Mogadishu                   Mixed populations (98 prisoners and 81 psychiatric patients)

The 11 included studies examined the prevalence of HCV infection in a total of 6257 Somali participants. The quality of the included studies also varied.

Pooled prevalence of HCV infection
----------------------------------

We used the extracted data of the 12 studies to quantify the overall pooled prevalence of HCV infection. The pooled effect size for the prevalence of HCV infection among Somali people was 4.84% (95%CI: 3.02% to 7.67%). The heterogeneity was high (*I*^2^ = 93.5%, 95%CI: 90.4% to 95.6%). Another indication of high heterogeneity was the Q-statistic \[Q (degrees of freedom = 10) = 168.5, *P* value \< 0.001\]. The result of this analysis is presented in the forest plot showing the effect sizes for the individual original studies and their 95%CI, as shown in Figure [19](#F19){ref-type="fig"}.

![Forest plot of studies reporting chronic hepatitis C virus infection prevalence in Somalia.](WJG-24-3927-g019){#F19}

Despite the significant heterogeneity, the funnel plot displayed a symmetric spread of studies in terms of relative weight and effect size, thereby indicating little evidence of publication bias (Figure [20](#F20){ref-type="fig"}). Notably, the total number of studies was small, and the individual studies were of variable sample size.

![Funnel plot of studies reporting chronic hepatitis C virus infection prevalence in Somalia.](WJG-24-3927-g020){#F20}

Moreover, Duval and Tweedie's trim and fill procedure for the detection of publication bias did not support the possibility of missing studies from the analysis. The effect size imputed was 8.14%, which was not widely different from the observed effect size. Furthermore, Egger's test for the assessment of symmetry of the funnel plot was not statistically significant (*t* = -1.6334, degrees of freedom = 10, *P*-value = 0.1334), providing further support for the absence of publication bias.

Sub-analysis according to country/setting
-----------------------------------------

The majority of the studies (*n* = 8) were conducted in Somalia, with a pooled prevalence of HCV of 5.02% (95%CI: 2.18% to 11.13%) and high heterogeneity (*I*^2^ = 94.9%). These findings are followed by 2 studies conducted in Italy, with a pooled prevalence of HCV of 1.22% (95%CI: 0.21% to 6.74%) and moderate heterogeneity (*I*^2^ = 71.7%). There was 1 study from the United States with a prevalence of HCV of 9.13% (95%CI: 1.01% to 49.87%). There was 1 study from Libya with a prevalence of HCV of 8.15% (95%CI: 0.89% to 46.60%) (Figure [21](#F21){ref-type="fig"}).

![Forest plot of hepatitis C virus infection for studies conducted in Somalia and Outside of Somalia.](WJG-24-3927-g021){#F21}

Meta-regression analysis
------------------------

Examining the effect of setting, insignificant variability could be explained by meta-regressing the meta-analysis over the three settings: Italy, Somalia, and the United States. Tests of moderators indicated the following: coefficient(s) 2,3: QM (df = 2) = 2.6557, *P* = 0.2651. For the prevalence results in Somalia compared to Italy, the *P* value was 0.1476, and the estimate was 1.4512. For the United States, the variability was not significantly different from that of Italy (*P* value=0.1560 and estimate = 2.0938).

Sub-analysis according to refugee status
----------------------------------------

The majority of the studies (*n* = 8) were conducted in Somalia among non-immigrant populations, with a pooled prevalence of HCV of 4.99% (95%CI: 2.11% to 11.36%) and high heterogeneity (*I*^2^ = 94.9%). The remaining 4 studies were conducted in Italy, Libya and the United States among refugees, showing a pooled prevalence of HCV of 3.81% (95%CI: 1.54% to 9.13%) and high heterogeneity (*I*^2^ = 90.3%) (Figure [22](#F22){ref-type="fig"}).

![Forest plot of studies reporting chronic hepatitis C virus prevalence amongst the local population and Somali immigrants.](WJG-24-3927-g022){#F22}

Meta-regression analysis
------------------------

When examining the effect of refugee status type, insignificant variability could be explained by meta-regressing the meta-analysis over the two statuses: immigrants *vs* the local population. Tests of moderators indicated the following: coefficient(s) 2: QM (df = 1) = 0.3335, *P* = 0.5636. For the prevalence in the local population compared to that in immigrants, the *P* value was 0.5636, and the estimate was 0.3383.

HCV infection in blood donors
-----------------------------

**Characteristics of the studies included:** There are 2 studies that met the inclusion criteria for the meta-analysis of the prevalence of HCV infection among blood donors (Table [11](#T11){ref-type="table"}). The included 2 studies examined the prevalence of HCV infection in a total of 466 Somali blood donors. The quality of the included studies also varied.

###### 

Studies on hepatitis C among blood donors

  Author                  **Year**   **Total**   **Cases**   **Healthy**   **Town**    **Group**
  ----------------------- ---------- ----------- ----------- ------------- ----------- --------------
  Nur et al\[[@B33]\]     2000       157         1           156           Mogadishu   Blood donors
  Aceti et al\[[@B42]\]   1993       309         3           306           Mogadishu   Blood donors

Pooled prevalence of HCV infection in blood donors
--------------------------------------------------

We used the extracted data of the 2 studies to quantify the overall pooled prevalence of HCV infection in Somali blood donors. The pooled effect size for the prevalence of HCV infection among Somali blood donors was 0.87% (95%CI: 0.33% to 2.30%). The heterogeneity was low (*I*^2^ = 0%). Another indication of low heterogeneity was the Q-statistic \[Q (degrees of freedom = 1) = 0.13, *P* = 0.7139\]. The result of this analysis is presented in the forest plot showing the effect sizes for the individual original studies and their 95%CIs, as shown in Figure [23](#F23){ref-type="fig"}.

![Forest plot of studies reporting chronic hepatitis C virus prevalence among blood donors in Somalia.](WJG-24-3927-g023){#F23}

HCV infection in different genotypes
------------------------------------

**Characteristics of the studies included:** Two studies met the inclusion criteria for the meta-analysis of the prevalence of HCV infection among different genotypes (Table [12](#T12){ref-type="table"})\[[@B36],[@B43]\].

###### 

Studies on distribution genotypes of hepatitis C virus infection in Somalia

  **Type of genotype**   **Author/Publication Year**    **Total**   **Cases**   **Healthy**   **Serology**
  ---------------------- ------------------------------ ----------- ----------- ------------- --------------
  Genotype 1             Daw et al\[[@B43]\] /2016      78          18          60            Anti-HCV
  Genotype 1             Shire et al\[[@B36]\] / 2012   41          8           33            Anti-HCV
  Genotype 2             Daw et al\[[@B43]\] /2016      78          0           78            Anti-HCV
  Genotype 2             Shire et al\[[@B36]\] / 2012   41          0           41            Anti-HCV
  Genotype 3             Daw et al\[[@B43]\] /2016      78          20          58            Anti-HCV
  Genotype 3             Shire et al\[[@B36]\] / 2012   41          10          31            Anti-HCV
  Genotype 4             Daw et al\[[@B43]\] /2016      78          38          40            Anti-HCV
  Genotype 4             Shire et al\[[@B36]\] / 2012   41          17          24            Anti-HCV
  Genotype 5             Daw et al\[[@B43]\] /2016      78          2           76            Anti-HCV
  Genotype 5             Shire et al\[[@B36]\] / 2012   41          1           10            Anti-HCV
  Genotype 6             Shire et al\[[@B36]\] / 2012   41          0           40            Anti-HCV

**Pooled prevalence of HCV infection per genotype group:** We used the extracted data of the 12 studies to quantify the overall pooled prevalence of HCV infection in each genotype group.

The pooled effect size (out of 2 studies) for the prevalence of HCV infection among Somali people of genotype 1 was 21.9% (95%CI: 15.36% to 30.23%). The heterogeneity was low (*I*^2^ = 0%). Another indication of low heterogeneity was the Q-statistic \[Q (degrees of freedom = 1) = 0.20\].

The pooled effect size (out of 2 studies) for the prevalence of HCV infection among Somali people of genotype 2 was 0.87% (95%CI: 0.12% to 5.9%). The heterogeneity was low (*I*^2^ = 0%). Another indication of low heterogeneity was the Q-statistic \[Q (degrees of freedom = 1) = 0.10\].

The pooled effect size (out of 2 studies) for the prevalence of HCV infection among Somali people of genotype 3 was 25.21% (95%CI: 18.23% to 33.77%). The heterogeneity was low (*I*^2^ = 0%). Another indication of low heterogeneity was the Q-statistic \[Q (degrees of freedom = 1) = 0.02\].

The pooled effect size (out of 2 studies) for the prevalence of HCV infection among Somali people of genotype 4 was 46.24% (95%CI: 37.48% to 55.25%). The heterogeneity was low (*I*^2^ = 0%). Another indication of low heterogeneity was the Q-statistic \[Q (degrees of freedom = 1) = 0.57\].

The pooled effect size (out of 2 studies) for the prevalence of HCV infection among Somali people of genotype 5 was 2.52% (95%CI: 0.82% to 7.53%). The heterogeneity was low (*I*^2^ = 0%). Another indication of low heterogeneity was the Q-statistic \[Q (degrees of freedom = 1) = 0.00\].

The pooled effect size (out of 1 studies) for the prevalence of HCV infection among Somali people of genotype 6 was 1.19% (95%CI: 0.07% to 16.38%).

The result of this analysis is presented in the forest plot showing the effect sizes for the individual original studies and their 95%CIs, as shown in Figure [24](#F24){ref-type="fig"}.

![Forest plot of studies reporting on distribution genotypes of hepatitis C virus infection in Somalia.](WJG-24-3927-g024){#F24}

Despite the significant heterogeneity, the funnel plot displayed a symmetric spread of studies in terms of relative weight and effect size, thereby indicating little evidence of publication bias (Figure [25](#F25){ref-type="fig"}). Notably, the total number of studies was small, and the individual studies were of variable sample size.

![Bias assessment plot of studies reporting among the distribution of genotypes of hepatitis C virus.](WJG-24-3927-g025){#F25}

Moreover, Duval and Tweedie's trim and fill procedure for the detection of publication bias did not support the possibility of missing studies from the analysis. The effect size imputed was 25.84%, which was not widely different from the observed effect size.

Risk groups and HCV
-------------------

**Characteristics of the studies included:** Three studies met the inclusion criteria for the meta-analysis of prevalence of HCV infection (Table [10](#T10){ref-type="table"}). The 3 included studies examined the prevalence of HCV infection in the total of 881 Somali participants. The quality of the included studies also varied.

**Pooled prevalence of HCV infection in risk groups:** We used the extracted data of the 6 studies to quantify the overall pooled prevalence of HCV infection in Somali risk groups. The pooled effect size for the prevalence of HCV infection among Somali risk groups was 2.43% (95%CI: 1.21% to 4.8%). The heterogeneity was low (*I*^2^ = 41.8%, 95%CI: 0% to 77%). Another indicator of low heterogeneity was the Q-statistic \[Q (degrees of freedom = 5) = 8.6, *P* value = 0.1263\]. The result of this analysis is presented in the forest plot showing the effect sizes for the individual original studies and their 95%CIs, as shown in Figure [26](#F26){ref-type="fig"}.
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As expected from the low heterogeneity, the funnel plot displayed a symmetric spread of studies in terms of relative weight and effect size, thereby indicating little evidence of publication bias (Figure [27](#F27){ref-type="fig"}). Notably, the total number of studies was small, and the individual studies were of variable sample size.

![Bias assessment plot of studies reporting among risk groups in Somalia.](WJG-24-3927-g027){#F27}

Moreover, Duval and Tweedie's trim and fill procedure for the detection of publication bias did not support the possibility of missing studies from the analysis. The effect size imputed was 3.36%, which was close to the observed effect size.

HCV infection in Somali children
--------------------------------

**Characteristics of the studies included:** Three studies met the inclusion criteria for the meta-analysis of the prevalence of HCV infection (Table [13](#T13){ref-type="table"}). The 3 included studies examined the prevalence of HCV infection in a total of 1001 Somali participants. The quality of the included studies also varied.

###### 

Studies on hepatitis C virus infection among Somali children

  **Author**              **Year**   **Total**   **Cases**   **Total**   **Healthy**   **Setting**      **Population**
  ----------------------- ---------- ----------- ----------- ----------- ------------- ---------------- -------------------------------------------------------------------------------------
  Bile et al\[[@B16]\]    1992       596         9           596         587           Mogadishu area   Children in government-operated residences for abandoned children in Shebeli
  Bile et al\[[@B16]\]    1992       76          0           76          76            Mogadishu area   Children in government-operated residence for abandoned children in SOS institution
  Nur et al\[[@B33]\]     2000       42          1           42          41            Mogadishu        Hospitalized children
  Aceti et al\[[@B42]\]   1993       287         0           287         278           Mogadishu        Hospitalized children with diseases other than hepatitis

**Pooled prevalence of HCV infection in children:** We used the extracted data of the 4 studies to quantify the overall pooled prevalence of HCV infection in Somali children. The pooled effect size for the prevalence of HCV infection among Somali children was 1.37% (95%CI: 0.76% to 2.46%). The heterogeneity was low (*I*^2^ = 0%, 95%CI: 0% to 83.8%). Another indicator of low heterogeneity was the Q-statistic \[Q (degrees of freedom = 3) = 2.83, *P* value = 0.4181\]. The result of this analysis is presented in the forest plot showing the effect sizes for the individual original studies and their 95%CIs, as shown in Figure [28](#F28){ref-type="fig"}.

![Forest plot of studies reporting chronic hepatitis C virus prevalence among Somali children.](WJG-24-3927-g028){#F28}

As expected from the low heterogeneity, the funnel plot displayed a symmetric spread of studies in terms of relative weight and effect size, thereby indicating little evidence of publication bias (Figure [29](#F29){ref-type="fig"}). Notably, the total number of studies was small, and the individual studies were of variable sample size.

![Bias assessment plot of studies reporting among children in Somalia.](WJG-24-3927-g029){#F29}

Moreover, Duval and Tweedie's trim and fill procedure for the detection of publication bias did not support the possibility of missing studies from the analysis. The effect size imputed was 1.63%, which was close to the observed effect size.

HCV infection in Somali chronic liver disease patients
------------------------------------------------------

**Characteristics of the studies included:** Five studies met the inclusion criteria for the meta-analysis of the prevalence of HCV infection (Table [14](#T14){ref-type="table"}). The 5 included studies examined the prevalence of HCV infection in a total of 505 Somali participants. The quality of the included studies also varied.

###### 

Studies on hepatitis C virus infection among patients with chronic liver disease, including hepatocellular carcinoma, in Somalia

  **Author**                **Year**   **Total**   **Cases**   **Total**   **Healthy**   **Setting**     **Population**
  ------------------------- ---------- ----------- ----------- ----------- ------------- --------------- ----------------
  Shire et al\[[@B36]\]     2012       30          22          30          8             United States   Immigrants
  Kadle et al\[[@B38]\]     2012       156         30          156         126           Somalia         Local
  Khadija et al\[[@B37]\]   2011       147         15          147         132           Somalia         Local
  Bile et al\[[@B34]\]      1993       62          25          62          37            Somalia         Local
  Aceti et al\[[@B42]\]     1993       110         28          110         82            Somalia         Local

**Pooled prevalence of HCV infection in chronic liver disease groups:** We used the extracted data of the 6 studies to quantify the overall pooled prevalence of HCV infection in Somali chronic liver disease groups. The pooled effect size for the prevalence of HCV infection among Somali chronic liver disease groups was 29.82% (95%CI: 15.84% to 48.98%). The heterogeneity was high (*I*^2^ = 92.3%, 95%CI: 85% to 96%). Another indicator of high heterogeneity was the Q-statistic \[Q (degrees of freedom = 4) = 51.92, *P* value \< 0.0001\]. The result of this analysis is presented in the forest plot showing the effect sizes for the individual original studies and their 95%CIs, as shown in Figure [30](#F30){ref-type="fig"}.

![Forest plot of studies reporting chronic hepatitis C virus prevalence among patients with chronic liver disease, including hepatocellular carcinoma, in Somalia.](WJG-24-3927-g030){#F30}

Despite the high heterogeneity, the funnel plot displayed a symmetric spread of studies in terms of relative weight and effect size, thereby indicating little evidence of publication bias (Figure [31](#F31){ref-type="fig"}). Notably, the total number of studies was small, and the individual studies were of variable sample size.

![Bias assessment plot of studies reporting chronic liver disease.](WJG-24-3927-g031){#F31}

Moreover, Duval and Tweedie's trim and fill procedure for the detection of publication bias did not support the possibility of missing studies from the analysis. The effect size imputed was 22.2%, which was close to the observed effect size.

Epidemiology of HDV infection
-----------------------------

Hepatitis D, or delta hepatitis, is caused by the HDV, a unique RNA pathogen. It requires the HBV for its own replication and to infect as co-infection. HDV is transmitted by percutaneous or sexual contact with infected blood or blood products. The main vulnerable group consists of patients with chronic HBsAg infection who become super-infected with the virus. It is estimated that 5% of HBV-infected persons are also co-infected with HDV\[[@B1]\]. Aceti A and his colleagues conducted a study in 1989 showing that among 220 asymptomatic HBsAg-positive carriers, 16.80% (37) had the antibody for HDV\[[@B31]\]. In a study of the prevalence of HDV infection in patients with chronic liver disease in Somalia, 52 of the 104 patients studied were positive for HBsAg, and 26 (50%) had anti-delta antibodies\[[@B30]\]. In a 1993 study by Khalif Bile and his colleagues with 62 Somali patients with chronic liver disease, including hepatocellular carcinoma, 37.1% (23) of cases with chronic liver disease were positive for HBsAg, and 34.6% (8) of chronic liver disease patients had anti-HDV. Meanwhile, in the control group, 14.3% of those who were positive for HBsAg had anti-HDV\[[@B32]\]. Another study conducted among 67 HBsAg-positive patients showed that 30% (20) of these patients were anti-HDV-positive. Additionally, this study showed that 38.6% (17) of the 44 cases of chronic liver disease patients were HBsAg-positive\[[@B32]\]. One study examining the prevalence of HDV showed that 34.4% (10/29) of those who were HBsAg-positive and 39.1% (9/23) of chronic liver disease patients who were HBsAg-positive had antibodies for HDV\[[@B34]\]. Additionally, 0% of community immigrants from Somalia and neighboring countries who were positive for HBsAg were shown to have anti-HDV\[[@B19]\]. Five studies met the inclusion criteria for the meta-analysis of the prevalence of HDV infection, and the five included studies examined the prevalence of HDV infection in a total of 375 Somali participants. The quality of the included studies also varied (Table [15](#T15){ref-type="table"}).

###### 

Summary of studies on overall prevalence of hepatitis D viral infection of HBsAg-positive carriers in the Somali population in Somalia and Somali immigrants (1970-2016) *n* (%)

  **Author**                 **Year**   **Total**   **Hepatitis D virus**   **Healthy**   **Setting**   **Population**
  -------------------------- ---------- ----------- ----------------------- ------------- ------------- ----------------
  Aceti et al\[[@B31]\]      1989       220         37 (16.8)               138           Somalia       Local
  Bile et al\[[@B32]\]       1991       67          20 (30)                 47            Somalia       Local
  Aceti et al\[[@B30]\]      1991       52          26 (50)                 26            Somalia       Local
  Bile et al\[[@B34]\]       1993       29          10 (34.4)               19            Somalia       Local
  Faustini et al\[[@B19]\]   1994       7           0 (0)                   7             Italy         Immigrants
  Total                                 375         93 (24.8)               237                         

Pooled prevalence of HDV infection
----------------------------------

We used the extracted data of the 5 studies to quantify the overall pooled prevalence of HDV infection. The pooled effect size for the prevalence of HDV infection among Somali people was 28.99% (95%CI: 16.38% to 45.96%). The heterogeneity was high (*I*^2^ = 84.9%, 95%CI: 66% to 93%). Another indicator of high heterogeneity was the Q-statistic \[Q (degrees of freedom = 4) = 26.4, *P* value \< 0.001\]. The result of this analysis is presented in the forest plot showing the effect sizes for the individual original studies and their 95%CIs, as shown in Figure [32](#F32){ref-type="fig"}.

![Forest plot of studies reporting hepatitis D virus infection prevalence in Somalia.](WJG-24-3927-g032){#F32}

Despite the significant heterogeneity, the funnel plot displayed a symmetric spread of studies in terms of relative weight and effect size, thereby indicating little evidence of publication bias (Figure [33](#F33){ref-type="fig"}). Notably, the total number of studies was small, and the individual studies were of variable sample size.

![Bias assessment plot of studies reporting of hepatitis D virus infection in Somalia.](WJG-24-3927-g033){#F33}

Moreover, Duval and Tweedie's trim and fill procedure for the detection of publication bias did not support the possibility of missing studies from the analysis. The effect size imputed was 28.99%, which was identical to the observed effect size.

Epidemiology of chronic liver disease and HDV infection
-------------------------------------------------------

Three studies met the inclusion criteria for the meta-analysis of prevalence of chronic liver disease and HDV infection. These three included studies had a total of 119 Somali participants, and the quality of the included studies varied (Table [16](#T16){ref-type="table"}).

###### 

Studies among patients with chronic liver disease (including hepatocellular carcinoma) in Somalia *n* (%)

  **Author**              **Year**   **Total**   **Hepatitis D virus**   **Total**   **Healthy**   **Setting**   **Population**
  ----------------------- ---------- ----------- ----------------------- ----------- ------------- ------------- ----------------
  Bile et al\[[@B34]\]    1993       23          9 (39.1)                23          14            Somalia       Local
  Bile et al\[[@B32]\]    1991       44          17 (38.6)               44          27            Somalia       Local
  Aceti et al\[[@B30]\]   1991       52          26 (50)                 52          26            Somalia       Local
  Total                              119         52 (43.6)               119         67                          

Pooled prevalence of chronic liver disease and HDV infection
------------------------------------------------------------

We used the extracted data of the 3 studies to quantify the overall pooled prevalence of chronic liver disease and HDV infection. The pooled effect size for the prevalence of chronic liver disease and HDV infection among Somali people was 43.77% (95%CI: 35.09% to 52.84%). The heterogeneity was low but had a wide confidence interval (*I*^2^ = 0%, 95%CI: 0% to 86%). Another indicator of low heterogeneity was the Q-statistic \[Q (degrees of freedom = 2) = 1.49, *P* value = 0.4758\]. The result of this analysis is presented in the forest plot showing the effect sizes for the individual original studies and their 95%CIs, as shown in Figure [34](#F34){ref-type="fig"}.

![Forest plot of hepatitis D virus infection prevalence rates among patients with chronic liver disease in Somalia.](WJG-24-3927-g034){#F34}

The funnel plot displayed a symmetric spread of the three studies in terms of relative weight and effect size, thereby indicating little evidence of publication bias (Figure [35](#F35){ref-type="fig"}). Notably, the total number of studies was small, and the individual studies were of variable sample size.

![Bias assessment plot of studies reporting of hepatitis D virus infection among chronic liver disease in Somalia.](WJG-24-3927-g035){#F35}

Moreover, Duval and Tweedie's trim and fill procedure for the detection of publication bias did not support the possibility of missing studies from the analysis. The effect size imputed was 43.77%, which was identical to the observed effect size.

Epidemiology of HEV infection
-----------------------------

It is believed that more than 50% of hepatitis E cases in developing countries are unrelated to HAV or HBV infection, and a high proportion of these cases seems to be enterically transmitted\[[@B44]\]. Studies on the outbreak of an acute viral hepatitis occurring in three villages in the lower Shabeli region of southern Somalia examined the presence of antibodies to the hepatitis E antigen, and it was found that the prevalence of anti-HEV ranged from 77.8% to 94.0% among the three villages and was widely distributed among all age groups, without a preponderance in any specific age. During the onset of the outbreak, 111 samples were collected in one of the three villages, which showed that a very low prevalence (4.5% or 5/111) was positive for IgG anti-HEV\[[@B45]\]. In another survey of 142 villages with a population of 245312 individuals, 11413 icteric cases were recorded, 346 of whom had died, corresponding to an attack rate and a case fatality rate of 4.6% and 3.0%, respectively. The role of HEV in this epidemic was proven by documenting anti-HEV in 88.2% (128 of 154) of the sampled cases, which served as a sign of recent infection with HEV. Further, the attack rate was found to be higher with increasing age, from 5% in the 1- to 4-year-old age group to 13% in the 5- to 15-year-old age group, and to 20% for persons older than 15 years of age. A high fatality rate of 13.8% was estimated among pregnant females. Therefore, the attack rate was higher (6.0%) in villages supplied with river water, while fewer cases were recorded in those relying on wells (1.7%) or ponds (1.2%) for their water supply\[[@B46]\]. Burans and his colleagues conducted a study during the operation of Restore of Hobe in Somalia in 1994, finding that among 31 Somalians with acute hepatitis, 20 (65%) had IgM anti-HEV\[[@B47]\]. Three studies met the inclusion criteria for the meta-analysis of the prevalence of HEV infection, and a total of 287 Somali participants were examined. The quality of included studies also varied (Table [17](#T17){ref-type="table"}).

###### 

Studies on hepatitis E virus in Somalia *n* (%)

  **Author**                  **Year**   **Total**   **Hepatitis E virus**   **Healthy**   **Setting**   **Population**
  --------------------------- ---------- ----------- ----------------------- ------------- ------------- ----------------
  Burans et al\[[@B47]\]      1994       31          20 (64.5)               11            Somalia       Local
  Mushahwar et al\[[@B45]\]   1993       111         5 (4.5)                 106           Somalia       Local
  Bile et al\[[@B46]\]        1994       145         128 (88.2)              17            Somalia       Local
  Total                                  287         153 (53.3)              134                         

Pooled prevalence of HEV infection
----------------------------------

We used the extracted data of the 3 studies to quantify the overall pooled prevalence of HEV infection. The pooled effect size for the prevalence of HEV infection among Somali people was 46.86% (95%CI: 5.31% to 93.28%). The heterogeneity was high (*I*^2^ = 97.9%, 95%CI: 96% to 98.9%). Another indicator of high heterogeneity was the Q-statistic \[Q (degrees of freedom = 2) = 93.4, *P* value \< 0.001\]. The result of this analysis is presented in the forest plot showing the effect sizes for the individual original studies and their 95%CIs, as shown in Figure [36](#F36){ref-type="fig"}.

![Forest plot of studies reporting hepatitis E virus infection prevalence in Somalia.](WJG-24-3927-g036){#F36}

Because the significant heterogeneity, the funnel plot displayed a somewhat asymmetric spread of studies in terms of relative weight and effect size, thereby indicating evidence of publication bias (Figure [37](#F37){ref-type="fig"}). Notably, the total number of studies was small, and the individual studies were of variable sample size. The study by Mushahwar et al\[[@B45]\] is clearly an outlier.

![Funnel plot of studies reporting hepatitis E virus infection prevalence in Somalia.](WJG-24-3927-g037){#F37}

Moreover, Duval and Tweedie's trim and fill procedure for the detection of publication bias did support the possibility of missing studies from the analysis. The effect size imputed was 88.28%, which was well above the observed effect size. The funnel plot generated *via* Duval and Tweedie's trim and fill procedure indicated the absence of studies with a high prevalence if the balance was to be restored (Figure [38](#F38){ref-type="fig"}).

![Bias assessment plot of studies reporting hepatitis E virus prevalence in Somalia.](WJG-24-3927-g038){#F38}

DISCUSSION
==========

Viral hepatitis is major public health problem in the world, especially in developing countries. To our knowledge, this review is the first systematic review and meta-analysis study that has attempted to thoroughly summarize evidence on the different types of viral hepatitis infection in Somalia. The aim of this review was to understand the burden of viral hepatitis, especially HBV and HCV, in Somalia and to inform public health practitioners, researchers and policy makers in the development of national strategies for the prevention and control of viral hepatitis. The findings of this review clearly show the burden of the viral hepatitis in the country, particularly HBV. The estimation prevalence of HBV in most African countries was 5%-20%\[[@B48]\], and the WHO HBV endemic definition of HBsAg prevalence is 5%-7%\[[@B5]\]. In our review, we identified the prevalence of HBV in Somalia, as detected by HBsAg, to be high (18.9%). Somalia was categorized among countries with a high endemicity of HBV (prevalence ≥ 8%)\[[@B20],[@B21]\]. The rate of global prevalence (3.61%) reported by Sweitzer and his colleagues, as well as the rate of 8.83% of the WHO African region, was significantly less than our study result\[[@B49]\]. In countries such the United States, Iran and Kosovo, the HBV prevalence rate has been estimated to be approximately \< 0.27%, 2.14%, and 4.2%, respectively\[[@B50]-[@B52]\]. Therefore, this comparative information highlighted the extent of the HBV burden in Somalia. The pooled prevalence in this study was higher than that of a recent report from African countries, such as Ethiopia, Cameroon, Ghana, and Nigeria, the pooled prevalence of which was 7.4%, 11.2%, 12.3%, and 13.6%, respectively\[[@B48],[@B53]-[@B55]\].

Additionally, HBV infection among blood donors (19.1%)\[[@B33]\] and the pooled prevalence of pregnant women (20.5%) also remain high in Somalia, which justifies the requirements of a national HBV screening program for all pregnant women in antenatal clinics and a national policy to vaccinate all pregnant women and adults who test negative for HBV, so as to prevent and reduce the risk of HBV of mother-to-child transmission. We also need to establish a national blood policy throughout Somalia for the prevention or reduction of receiving contaminated blood, the occurrence of which remains high within this HBV population. According to studies of HBV infection among children, the prevalence (5.7%) is lower than that of other groups, while that of Somali immigrants around the world and of chronic liver disease patients was 23% and 39.2%, respectively. These findings therefore demonstrate the true epidemiological burden of HBV in Somalia.

Regarding HCV, we found a high pooled prevalence of 4.84% in Somalia. This prevalence rate is considerably higher than the reported pooled prevalence in Somalia of 0.9% by Chaabna et al\[[@B56]\] and 1.5% by Karoney et al\[[@B57]\]. Meanwhile, in Djibouti and Sudan, the pooled prevalence rate was 0.3% and 1.0%, respectively\[[@B56]\]. We also found close prevalence rates in our study and found that the pooled prevalence rate in Ethiopia, Ghana, and the Democratic Republic of the Congo was 3.1%\[[@B48]\], 3.0%\[[@B58]\] and 2.9%\[[@B59]\], respectively, but the overall prevalence rate is 3.0% in all sub-Saharan African countries\[[@B60]\]. However, in Cameroon, the estimated prevalence of anti-HCV is 11.6%\[[@B61]\] and the reported prevalence rate for Egypt is 14.7%\[[@B61],[@B62]\]; thus, the estimated prevalence of anti-HCV is much lower in Somalia than in these two countries. The pooled prevalence rate of sub-groups examined in this study, such as blood donors, Somali immigrants, risk groups, children and patients with chronic liver disease, was 0.8%, 3.81%, 2.43%, 1.37%,and 29.82%, respectively. These findings may emphasize that the level of chronic HCV in Somalia may be significantly high. Genotypes commonly found in Africa are 1, 4 and 5\[[@B57]\]. Therefore, in this review, we also present the most frequent genotype among the Somali population, which is genotype 4. Most African countries, such as Uganda, Sudan, Rwanda, Burundi, Cameroon and Egypt, also show a predominance of HCV genotype 4\[[@B57]\]. The next most prevalent genotype in our country is genotype 3, which is also similar to our neighboring countries, such as Ethiopia, Kenya, and Eritrea\[[@B57]\].Meanwhile, the next most prevalent genotype in Somalia is genotype 1.

The number of studies of HDV in Somalia among Somali patients and chronic liver disease patients was very low, but the data available thus far demonstrated a considerable prevalence of HDV infection. Our results showed that the pooled prevalence rate of HDV in Somalia was 28.99%. The pooled prevalence of Sudan and Uganda, which are other sub-Saharan African countries, was 27.8%\[[@B63]\] and 30.6%\[[@B63]\], respectively, and the pooled prevalence rate of the EMRO region is 14.74%\[[@B64]\]. Therefore, our result is similar to that of other countries in our region. The worldwide estimation rate also indicated that 5% of HBsAg carriers were infected with HDV\[[@B1]\]. The pooled prevalence rate in this review for patients with chronic liver disease, including hepatocellular carcinoma and positivity for anti-HDV, was shown to be 43.77%, and this result is similar to the prevalence rates among patients in the EMRO region with chronic liver disease (chronic hepatitis disease 27.8% and cirrhosis/hepatocellular carcinoma 36.57%)\[[@B64]\]. However, the previous pooled estimation in Somalia showed a similar prevalence rate as chronic hepatitis disease (47.36%) and cirrhosis/hepatocellular carcinoma (33.20%)\[[@B64]\]. Other countries in the EMRO region also showed results similar to our findings. For example, the prevalence of chronic hepatitis disease and cirrhosis/hepatocellular carcinoma in Pakistan was 37.38% and 53.77%, respectively, and the prevalence of the same conditions in Egypt was 24.37% and 29.6%, respectively\[[@B64]\]. These results indicate that HDV infection is endemic in Somalia.

Although the number of prevalence studies of hepatitis A and E virus infections among Somali patients were also very low in Somalia due to the lack of government support in the country in the last three decades, the available data for HAV and HEV still illustrated a high prevalence rate in the country. These viruses were transmitted through the fecal-oral route, and many environmental and socio-economic factors promoted the transmission routes. This systematic review showed a high pooled prevalence rate of HAV, which is 90.2%, and this prevalence rate was close to the individual estimation rates of old reports in Somalia\[[@B15],[@B16],[@B18],[@B19]\]. We also indicate that the estimates of HEV infection in previous reports in Somalia may quite high, ranging between 4.5% and 88.2%\[[@B45]-[@B47]\], which is similar to estimates for the Ghanaian population of anti-HEV, with their range of 5.8% and 71.55%\[[@B65]\]. However, this review showed a pooled prevalence rate of HEV of 46.86%, which is also high among Somali patients. HEV infection in Africa is widespread and is predicted to be a hazard to numerous lives, in particular for pregnant women and their fetuses\[[@B2]\]. Serological studies from Egypt have shown that the seroprevalence of anti-HEV can reach close to 100% in the general population\[[@B2]\]. Another serological study from Ghana showed that anti-HEV can also reach close to 50%, and a study in Nigeria showed nearly100% of anti-HEV in the general population\[[@B2]\]. Meanwhile, a number of large outbreaks occurred and were reported at different times in many countries in Africa, such as Kenya, Sudan, Ethiopia, Somalia, Uganda and Chad\[[@B2],[@B45]\]. The outbreak that occurred in Somalia showed a range of 77.8% to 94.0% among three villages in the country\[[@B45]\]. A survey from 142 villages showed 11413 jaundice patients in a population of 245312 individuals, of whom 346 persons died, with a corresponding attack rate of 4.6% and a case fatality rate of 3.0%\[[@B46]\]. An older report demonstrated that the attack rate was higher with increasing age, from 5%, 13% and 20% for the age groups of 1-4 years, 5-15 years and above 15 years old, respectively. Meanwhile, pregnant women had a high fatality rate, estimated to be 13.8%\[[@B46]\], in comparison to the rates in other African countries, such Ghana, (66.7%)\[[@B65]\], Sudan (31.1%)\[[@B66]\] and the Central African Republic (14.3%)\[[@B67]\]. However, the fatality rate of pregnant women was higher than that of our older report in the country\[[@B46]\]. This systematic review and meta-analysis study indicates that the two viruses of HAV and HEV are endemic in the country.

This systematic review and meta-analysis study had several limitations. The main limitation is that to the best of our knowledge, this review is the first that focuses on all types of viral hepatitis infection in Somalia. The second limitation of this review is the relatively small number of studies identified on all types of viral hepatitis in the country before and after the civil war. This lack of studies highlights the fact that research and knowledge of the viral hepatitis infection burden in Somalia are less developed than in other African and Arab countries. The third limitation is that the majority of our studies involved samples from only four or five regions of Somalia, especially in South Somalia, and samples of Somali immigrants around the world. Subsequently, we did not have samples from the southwestern, central, and northern regions of the country, such as Gedo, Bakol, Hiran, Galgadud, Mudug, Nugal, East, Sol, Sanag, Togder, Northwest and Awdal regions, which were included in the studies reviewed, while most studies were completed before the government collapsed, and few studies were done during and after the civil war.

In conclusions, although this systematic review and meta-analysis study is based on a limited number of studies and a small sample size, the study effects were a potential limitation of the review. However, the results of this review indicate that all types of viral hepatitis infection are common among Somalis, particularly HBV, which is more prevalent and endemic. This study has also documented a high prevalence rate of HCV infection in Somalia. The prevalence of these viruses could be understood as one of the nation's public health problems, and urgent public health interventions are needed to reduce the infection rate of the country, because these preventable diseases, particularly HBV and HAV, can be eradicated by vaccination. Preventive measures include increasing awareness and knowledge about the transmission of all forms of viral hepatitis, screening all donated blood, targeting high-risk groups, providing treatment for affected persons, and generally improving the sanitary and living conditions. Other efforts needed to reduce the burden of the disease and strengthen the Somali health system include the establishment of a national blood policy and prevention and control viral hepatitis policy. Additionally, further studies are needed to fully understand the population factors underlying the high prevalence of all forms viral hepatitis, particularly in underrepresented regions and among adults, children, blood donors and high-risk groups, to offer better perspectives on all forms of the viral hepatitis burden in Somalia. The generation of up-to-date data is recommended, especially regarding the magnitude of HAV, HCV, and their genotypes, HDV and HEV.

ARTICLE HIGHLIGHTS
==================

Research background
-------------------

Viral hepatitis is a major public health problem affecting several hundred million people globally. The most common types of viral hepatitis are six distinct types (hepatitis A, B, C, D, E, G viruses), and they may present in acute form or chronic form causes substantial morbidity and mortality (including chronic hepatitis, cirrhosis and hepatocellular carcinoma).

Research motivation
-------------------

In the field of viral hepatitis, there is a lack of researches last three decades in country and all articles about viral hepatitis published and unpublished are scattered. In this systematic review and meta-analysis the authors aim to provide a clear understanding of viral hepatitis epidemiology and their clinical burdens in Somalia according to the related documents published and unpublished articles during the last decades.

Research objectives
-------------------

The main objective of this study is to determine the prevalence of all viral hepatitis in Somalia especially hepatitis B virus (HBV) and hepatitis C virus (HCV), and to inform public health practitioners, researchers and policy makers, and to be a baseline data for future Hepatology researches in the country.

Research methods
----------------

A systematic review and meta-analysis was conducted as Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. A comprehensive literature search of published studies on viral hepatitis was performed from 1977-2016 in PubMed, Google Scholar, Science Direct, World Health Organization African Index Medicus and the Africa Journals Online databases, as well as on the Ministry of Health website. We also captured unpublished articles that were not available on online systems.

Research results
----------------

Twenty-nine studies from Somalia and Somali immigrants (United Kingdom, United States, Italy, Libya) with a combined sample size for each type of viral hepatitis were analyzed. The overall pooled prevalence rate of hepatitis A virus was 90.2%. The overall pooled prevalence of HBV was 18.9%. The overall pooled prevalence of HCV was estimated as 4.84%. The overall pooled prevalence of hepatitis D virus was 28.99%. The overall pooled prevalence of hepatitis E virus was 46.86%.

Research conclusions
--------------------

This study demonstrates a high prevalence of all forms of viral hepatitis in Somalia and it also indicates that chronic HBV was the commonest cause of chronic liver disease.

Research perspectives
---------------------

Viral hepatitis in Somalia demonstrated a high rate in its all types of hepatitis especially hepatitis B virus and C, while hepatitis B determined the common cause of chronic liver disease in Somalia. According to this systematic review and meta-analysis, further studies are needed in order to search out data about viral hepatitis in different regions of the country, risk factors and its complications.

Manuscript source: Unsolicited Manuscript

Specialty type: Gastroenterology and hepatology

Country of origin: Somalia

Peer-review report classification

Grade A (Excellent): 0

Grade B (Very good): B, B

Grade C (Good): C

Grade D (Fair): 0

Grade E (Poor): 0

Conflict-of-interest statement: The authors deny any conflict of interest.

PRISMA 2009 Checklist statement: This systematic review and meta-analysis was conducted as PRISMA guidelines.

Peer-review started: March 17, 2018

First decision: April 11, 2018

Article in press: June 21, 2018

P- Reviewer: Esmat SM, Pokorska-Spiewak M, Wang K S- Editor: Wang JL L- Editor: A E- Editor: Bian YN

[^1]: Author contributions: Hassan-Kadle MA acquired, collected, extracted, and interpreted the data, drafted and revised the article and made the final approval; Mugtaba SO designed the study, analysis and interpreted the data, drafted the article and made the final approval; Ogurtsov PP revised the article and made the final approval.

    Supported by RUDN University Program 5-100.

    Correspondence to: Mohamed Abdulkadir Hassan-Kadle, MBChB, MD, Doctor, Abrar Research and Training Center, Abrar University, Department of Internal Medicine, Division of Gastroenterology and Hepatology, Dufle Specialist Hospital, 25 Mogadishu, Somalia. <dr.kadle@abrar.edu.so>

    Telephone: +252-6-15910409
